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(54) PRODUCTION OF FULLERENE AND DEVICE THEREFOR 
(57)Abstract: 

PURPOSE: To provide an inexpensive method and 
device for continuously and stably synthesizing fullerene 
from a carbonaceous material by an arc-discharge 
process in good yield and in large quantities for a long 
time while sufficiently excluding the factors such as 
oxygen, moisture, etc., inhibiting the synthesis of 
fullerene. 

G O N S TITUTIQ N : A !on°— sized and flexible carbonaceous 
material 2 is arranged in the carbonaceous raw material 
feeder 1 such as creel and bobbin set in a treating 
chamber 6. The chamber 6 is transiently evacuated to a 
super-high vacuum of <10-2mmHg to exclude oxygen, 
moisture, etc. An inert gas is then introduced into the 
chamber 6 to adjust the pressure in the chamber 6 to 5- 
500-mmHg. The atmosphere is maintained, the 
carbonaceous material 2 is continuously supplied closely 
to the counter electrode 4 set in the chamber 6, and a 
power is impressed between the material as an electrode 
and the counter electrode to generate an arc discharge. 

As fullerene is scattered, the fullerene is recovered from the soot accumulated in a soot 
receiver 5 surrounding the counter electrode 4. 
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(54) 7 7-^^^«5S*ffi&^<0KifiSB 



(57) [Kfi] 

^§a©^6o : 6 1 0" ! mmH g £JiT 

6 rtfc^JStttf* «:» A LXtoMM 6 f*WJE#£ 5 

mmHg~5 0 0mmHg{:|git6o Z<D%m%*& 
KJHf*2$rS«* LTP5«IB«c«*S:B«!niLXT-^tt 
(H!i|Xi-5o 




( 

1 

[MMH (l) toS^rt<c«R««)*tt*»*K 
B»&eBU 

(2) 0 : mmHgWT<7)M^ 

i:U 

(3) SteS^rtlc^ett^^Sr^AL-CttteSMrteo 
E/]^5mmHg-5 0 OmmHgCllL, 

(4) K«yi*i*ilcKBSixfc»«o*^iS**6J: 
itS^lcJ;^ RK*ltIR»^b7 7-u>&H»1- 

6 z * <t +• z*#mmitL Lxm^m* yy-K 

[MM 2] BWEH«Pfl^«*S:Hi»Di-6*tttt, 

m m i e«o«b#biiS« it »5s^rffi* ^ ^ - u>co 
■am 

[MM 3] «HEM«IHHc«*«rBifti+*#ifett* K 

*HJR»(w 10 0-1, 0 0 OA/ cm" (7>«at*a-t* 

r t \z J: 9 5 MM l Xtt 2 E*0**IB«tt LXS 
[MM 4] WKH«DB«c«*«rBi*rt-S*fttt, X 

[MM 5 ] MM 4 E«<0 77-^>wBa*ftl: 
ffiB&f b-r <fc 5 KEMES-fr* 

Bn*D+* w t ^mt-r^^mmmLxm^m^y 

[MM 6 ] ME»*)UR»«r«'««>*-«iS**5 

K««JW»^i«lcJ:9*ffiS-frSrfc«r#«t-r6M 
Ml, 2. 3, 4Xtt5E«^*«FWattLT»56^I 

[MM 7 ] ttEKXMWtt, 1 0" 3 Q 

2, 3, 4, 5Xtt6Ett^fiB*fflii«L-CHig^ffi>fc 



2 ) 4#&f]¥8-2 6 8 7 0 5 

2 

[MM 8] ffiE£«Ktifttt, «*Xli£* 
"CWfS $ afc®«-C*> 6MM 7 Ettoft^ffliitt L T 

[mm 9] met T-^ftawwwt 

D-yUf5 r t [z£^Xftt>iiZ Z t €:»»i:i-6M* 
41* 2* 3, 4* 5. 6, 7Xtt8Ett0*B«n]Hft 

[MM 10] ( 1 ) ftXttw*tt*»*«K»«riE 

»W»tr«±^»*>ttB^»< r &^-C«5IKSK 
B, (»E«*KJIR»«>jfe«^»rttTR«S*i6EI(B^r 
R&mEtttt* Rl«*rti«>»lllcR|l*ixfc^^*it 

(2) BE«LSm«r«*i-5iSlctt, teJiiH*10>#*£# 

**APd*RB£*t, 
20 (3) fie«yi£tt, l»E«*««»i:»«f-«**Bi» 
Ltz t # i:Mt67-^C J: 9 7" 7 3 *i 5 

[MM l l ] MEltt'**M(fKKIftltB(3:. mmttM 

1 0 feist <a> 7?-i/ >'<73 Stints lS.o 
[MM i 2 ] ffiENtSSBtt, 
6 «tt*s«ttnt»»-e«* $ iifcr ii n - 7 -Cfe SM* 
«i OXiii iE«fe077-^voKit^Be 

30 [«n^0«i«Rn] 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] y9—io>tt:i 9 8 5mz%(Dtf&&vm 

ix^ 3 o o or^oKiaiDjRr-^w • ^as-friR^tt 
J^^<bL, :tLbffi^lt77-u>^M^6 
<b^^T^6 0 R*«lg»^e>07 7-u^«>M3S^ 

50 ryu->sy», fifitADjRft, K^SMWAPSRte, r 



} 



( 

3 

- * SrtKfcrt i Mi cixb <fc 6 £ 

[0 0 0 4] r-^Sfe 

T*#IB"C3 0 0 0rJ^±<£>i#j&£#6 ~ it 

km ^^^mmx-mmmmm- byy-^zGis. 

5t><0£ LT, «x.tf, #^¥5-5 0 2 2 1 3^ 
#H¥5-i 1 6 9 2 5»flMB»lc»l*Sii6J: 5 

[0 0 0 5] 

[«Ha«»*L<fc5£i-5g|JB] *JE#Sc¥5-5 0 2 

tt{lffi£0. 2 5^>f^lR^ (I^lcm) (D 9* 
=7-774 h«^<£fl£*i5:: k&WbMz£tiX\<*Z>o 

w £ lit?* 

[0 0 0 6] h?LX. IW*^ftt±t{C7 7- 
^ / ■aT^la v<J ^ C'£ d*w^ c law: > i/'ja_««*, /y^. 7r? 
BIfi^^ftR«W^777>f h^Wt^fl^L 

■Cfc, R««*JIK»*s«ii:4«Rtt»^97T-f 
*SKfcU :<^J:9^^777^hM^ira 

[0 0 0 7] WE»M¥5- 1 1 6 9 2 5*^« 

urn, mmwmwt Lx&Rtttnmmmmvj^zm 
A+*»*>y-***4i:*i-<, 



3) $#§H¥8-2 6 8 7 0 5 

4 

tt-Ctt, B*^*»*<077-I/^*ta*t5*» 

[0 0 0 8] ^«UEtt^*tt-Ctt«*«tt7 
-f-WcSSU tt«£fT*>fr5», «*|6lS:iM±±*JfiI 

[0 0 0 9] ^r-T-*«WliC<oj:9>ifflS*:»«:i--5 

20 [0010] 

U ( 2 ) ttttaart*-!. 1 0" 3 mm H g J^T 
ffJffiffiK^KU (3) BeftLS^rtJc^FfStt^xSr^A 

i -r An tffl^rfci^nr-fi />c~,.~i_j~^r n n ww .tj ~ f .--^a 

^ v. /<r-«ci;^i=.r i v -* x j d. u muni & »j w « muni b > — 

st, (4) K«Hart^Rns*ifc»«o*^ie* 

J: 9 (cttEM9RVJ*Afrii«Enictt« LTMEKX 

[ooii] *fc*«W«>«W«5iKUrKa^««7 
7-u>o»56Kfitt, (l) ARV&lklktzmX'Rm 

IKSKB. ttE«*1fIBfKo5feABlc*ti^LTW:BSn5 
IsI(E^rS6*flftE»«, &t^Be*fffi^HfflJ-»fi*ixfc^ 
^S:tt^, «(HFTIIB4«aa«)rtf»li:#U, (2) tm 

40 ^rtwK*Rt/*»S:»*i-5rt*S"C#6JIS3fiBt 

^:B^n> (3) tt«ia^tt, WEK*RlS»t*r«(c 
«*SrHl*l Lfc t * \^%±1rZ>T-9 \C J: <9 7^7 ^v^s 

[0 0 1 2] *S89!£:fcl^T T^^-u^j tit* 

^^*rl^\ fflftteC6o^C7o#±ft-C*>S. 
[0 0 13] *«WtC*3^T rfiR^ij <hfi x lmJ^l 
50 (Df^(0^(7)$:f 9o 



1 



( 4 ) 



4#&H¥8-2 6 8 7 0 5 



5 



6 



[00 14] sMSWKfc^T rftB#Mj kim&&R® ixfc«*ftIR»««»ffll-*» ■ fittS-drSo *%WV 



£*i6o J»C«*Wt*l-tt, «*««t«r*+*^ft5 10-1000ml/^SEiT'«tlWP,, 

yU^S(*tt-tO**-C*Rtt«>*ttttWfe 10 <7)EE^}£r 5 mmH g ~ 5 0 0 mmH g (Dgafflfa <b ft£> <fc 

[0 0 16] MSflUDKftJ: LTr^±C0t><7)£|g£L [0 0 2 3] 0' : mmHg 

\zm<omkLx. MRVwfemy * *^mmm(D'<<} mmmmmcft&ztix^ 

?- J &&Rft<Dmm#&&*&tfZk\c±*)* Sttttw BIWcRiS*^^»l»"*-5wt*s-C#6. 

hZ&Rtt<Dl%m%mnkLXft^Z>ZkfrX£Z> 0 Z 20 fellrtWE** 5 mmH g - 5 0 0 mmH g (D7-^ 

ttftfca>-efc6. zktfXZZo 

[0017] *5SW(cfc»t5K*H^»tt, [0 0 2 4] *HE«1l*rt^«»*ixS?FiStt3y^Jc 

0)##BK:fleffl$jfx5 o ^<7)i$ISl&^io" 3 i]- c r^aV*>, 7yyh^77X. aSi7?^Scv^iw 

&_L£:fiftb1\ *ft»a>Bafc*#^fc<IM&ttrtM& [0 0 2 5] ftt^T% SJELyii#H«^»^ix^Rl£^ 

^^&x^m<omm^z^tzMcyy-uy<D^L [0026] fcmnwM<D#m±^<Dffimijm*, mm 

*J:< 7 7-^>«r^*1-6±-e#*U\ -C#6»jSKB"C?»*. »*aHfiB<oT*J-ffiBi-5# 

[0018] *ftmfc&\,*xfcm£tizm%'Rmfto : ft tt^ifiiJtTttiSL, »*«B»wi»cJ:0»«0>Bffl 

MWUmm' W±T-*)5w^^»*Ll«6tt, ftffiBlC»fi*-fr6 «t 9 [C{&f&-f5 0 r(75«t^ft*«W 

*SL^tt«^»«L77-u^w^aS^iR**o 40 tfe*t*K*Jf«»<o»«±^o«^-«iS*«fej±, ft 

tt, HiAn-r5«*4(cJ:oTaEfl:1-5o a«^#*±^a«4tkB^»iE+6J: SlcRttSiiX 

[0 0 19] Sfc, *|BW»-fcJt5«*l«B«-tt, ^S<0T\ R*KJR»(Dtt5S«F^S*«JS»^«SW^ 

£U\> *OSM&S#0. 5g/cm 3 *iBT**>5tr <> jc±tt*S*V\ 

-^ft«l*(7)tt«<Z>^ttj5SB<ft«3, [0 0 2 7] *Wft<» V y - U V^K^feK&^T 

[0020] ftt^*|gW(D77-u>wKiS*ft^SlW 6WS^lHlC+'il^tt»ft5iI^tfcfi[B^iSi»t-cftX 

[002 1] mEUfc«*RJB»S: % feaSrtJcRB^ 50 ftSlc «t fc ic J: 9 . *Hi±£MBftJ: L 



[0015] *&miz&\,*x&m£tiz> immwwM} 



x\ ? y-yu-^**trv«s^«*|iJift««KBi- = ^< 



5 ) 
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7 



8 



Xkri>£frftl\> 



[0 0 2 8] W«|cri7>J:5 4@IES:ff^-fr6rtlcJ: 4fe*Mr\> W^LT^iI»f)7-^ii: 

ft^lBH^i:saiEtwft««»wK»«r / >4<»^ 10 [00 3 5] *«9i<0 7 7- ^>BiSi6Bw3HE+li» 

5C*#X#, *fcJ«»Ort**sjlRHWiWlft3JSjfca a»BWD-7-»&tf»SSr*ft*fcttS?&lcr»a 

X\ 7 7-u^R56»K«>ft««FPBl«:*< tixi^^o ©WStttf* 6 d £ lc J: 9 , 

t*Z* a [0 0 3 6] *«W«c*5»t6T-^Jk«l-J:9«*JHlB 

[0 0 2 9] ttG#«frNN>M(w|s]<E$-&6««(c(i. fM*b£rt*ix5*Mttt, ^^tt©J»»fcftor««* 

[0 0 3 0] 'Ct&ffl £ iLOKK^w^^Iw^ So iHhx o nfc ^^tk77-^' 5 2 0 Hiwu 

fcfcfc<0#ttffl£*i6fc«>, w^at*KJ)H»fci*wJ: [0 0 3 7] -co*x£ h/u:n^*a#MgK K Pt£iMI 

*0@|5i:*lcK*JtllSC»fclii!ii-5Ct*sfc5©^ 0>#ftas*RS*i5. LT^a 7 

£>6 0 »I(:WLri^77-^^H C..ASJKJ8 0%«fr 
[0031] 7 - i/yB6©fc»w*Hii:« Wa>Ato\tc,.ttZ<Dfctott<D7 7-\' 

a>»£*#£ttiMl5 cm«±WR««^a*L^o [0 0 3 8] r. £07 7- U^Sfc&^S&tflR^ffl^ 

[0 0 3 2] R*ftH»t»«^»LX«**r9iaii-5 tt, Wx.fi, 9 LXfr? ^ £#X# 5 0 l 

*ifefi, Wxifi, S*ltlB»«»SfiXf±«a3S«fcJ: 40 gfcfctu ^i0 0g<Dh^x^Mt^^^77 

W«ttW»tLX*$#, wO>W«tt>Wtt«rai:x«*lt 5aL#biifc5KA5»fefc/j:5rilcJ:9, ftiMi-t 

wmt wmz# Lxmnzftto-f a ^ * #x-# a 0 w*. n ^ h ^7 acitw 5 - 1 dj; $ , 

fi, R*KJBS*»K«Xfirao-7-«w«5SSItt £ **B1-S. ^<n^mt- 

nv-7-*${zmmLxmmmM\c'mJjZ?Vl®'fZ>z b h;uxy^$^i:77-^>i» 

ft) ^ftoX»P>n5. r^fi*«:»l£LXilX*«:*«) 

[0033] mmwEMicmvtz'mtib lth 77 s 0 

-i^£»*<fc<£l*1-5fcfcfctt:«Ei 0-1 0 0 v [0 0 3 9] ^SSjKfcSftftv^^fifc^SriaiSiJ 

X% ««1 0 0-1 0 0 0A/cm 2 <DmM*tH-f LX%btl1t7 7- u^Wi, iStt«««:*«Lfc* 



T-^»«SrfToXt>J:^o 



( 6 ) 

9 

[0 0 4 0] *«w«-*5i>"C«±, :jib«)ft^K* 

[00 4 1 ] «^ W 7 7 - 1/ 
[0 0 4 2] 

mmm] 20 

-^K»««o-M£jiW\ Hi*, itegRlfco* 



4#§f!¥8-2 6 8 7 0 5 
10 

(«) ^7 7 ^h HM35-12KO 
:1. OXlO'Q-cm) 
l\ 2 4^^^iA^ii:g5mmC0^^ 1 OmO^li 

1 £ l-co* y-/nc-o^*«ai*«r 

*#f+tt, fc&gg3£LTOr»n-7-£i§LT^ 
*Mt*ojfe«t *t« 4 £ 9ffl*s i0mmi:/j:5J:3l: 

[0 0 4 5] r^J:?(CLTS*RJS»2*iBltLfc 

xlO' : mmH g af:l ^y !>A^*^JaHt^ 

tot, «) A^/^li^ 3 0 0ml /M^Ii 
6P^<0/£^^3 0mmHgtCl^^Lfc o 
[0 0 4 6] tfclc, maS7$r^^^LT^«9Z:igp-7 
-fclslU ^fl^2^i4(:f^]ltt^l 0mm/ 

4 6 0 A/c m 2 Xh<>it 0 

[0047] 3 o»Pflis-cr-^ac»«r-a^ h 



miE«jS8«3*^»is*ns^fES*!fj[a»2co 

^(6]Lt^6 0 r(0*r«4WJiHtt, Mt577- 
[00 4 3] MWMKfKKIftilB i > 3 , 

m 6 rt <*> * r — * $m icm l fc^M<7) # * je <d ^ 

«*W»2«)Jfe*ffl»*r»a"Ct*J:5J^ ctub^T 

V\> «ttl^J6ll3ftV#«4^tt*afi6^«^» 

[0 0 4 4] U 1(7)7 7- ^>RaSSW-*3^"C, 
7 * LT£««KrJIH\ W£2QV\Zte 



30 9 &£PL/c 0 &ffig6rt£*«JElcJSU 

tt5l£ffl£ofc**£!H]iKU *<*>l;ti:6 2 g"C*>o 
fc, »9«)B*||(t*ttfi3, 7mT'fc«9, *WCt 9 
»»SiXfc**««»2«) h-*/US*tel 2 5 gt'fc 

[0 0 4 8] %htltz*X* h^xyc(]|;||8}Lt, X 

ttasn^77-^>a^fi*tt3. ogtfco, 

ri>£>£>l|X*ti;2. 4%T-*)ofCc 
[0 0 4 9] [Jt««l] WiE*lfe0*Jl tm\L7 7~\s 

40 vKat£«L HtSWIStffl^, Ka*f*ti3tt* 

xmmmmm 1 fcrai:ftfr"e«*K]K»«r 1 ofl*Ra*i« 

[0 0 5 0] T-^^m^T^> WMZ*7\CL,X*Z 

m^LLtzo \BmLtz*x<Dmi*6 s %xhiit 0 

$ttfcK*KJB»^) 3 0 gt'fcof: 0 

[0 0 5 1] ftbtilzxx* h/^^^^SiKLT, ^ 

50 ttt±l$n/:77-*L/ylOli(10. 83gT*fof9,JS 



( 

11 

[0 0 5 2] (Jt««2) Btlie^»Jl kmC7 7l— 
— y *?J*H*&h<r>Hl 5 OmmHgl:fILf:^ 

«±, ±-c«nentt«fi] i <t n i:*#T-ft*»B»* i o n* 

[0 0 5 3] T-*&®&T&, 
EiRLfco ls]iSLfc;**<0*li3 7 gtrfcofc. 

$MzM%mMP<<» h-^fiaiil 2 3 gt'foot 
[0 0 5 4] h/U^i^ + ^ftMLT, 

fc^-U-^^aftteO. 6 7gT*fc^ 
ri^^^ttO. 5 4%T?fcofc B Zto&Skfrb^V *> 

[0 0 5 5] (WBH3] ^SI^HTlS^a 

> (80 ^X^Tf h (SftffigE) HTA-1 2K(0 
MXIIfl : 1 • 5 X 1 0" 3 Q - c m) ZWi 

\i\ 2 4**iaril[S5mniWft$ 1 0mW^3R«HI* 

t L/ic zw«*>t»*<z)a^(twss*S(i»i. lg 

/ c m 3 X'foitZo 

[0056] mummm i * p i:«!is*h= 

[0 0 5 7] T-*tt«»T«L MKr^fcLxx* 
IsHRLfco ls|iKUfc;*;*a>*tt4 l gffcot, 3£9 0> 

$ixfcft*lf]B»© h-^/uaa«ii 3 8 gt'fcofc, 
[0 0 5 8] »b*Lfc^^*r h/^>+J-a»LT, * 

*^\^*ftz>yy-\si'm* h^y^mmztto 

[0 0 5 9] CHJft«2] 7 7-UVK^©^^fSH 

v\ BSti 0 OA, ®E3 ovi:45J:5i:K£Lfc, 

U-3> (80 ©K^T-f h (Sftffiai) HTA-3 

8 0 O , CT-5#ra»&3iLfcfc0> (fHMfttt*: 9. 0 
X 1 0 4 Q • cm) £fflt\ sfcfc, flMW^T'T 

J&fei^ : 3. 5X1 0' 4 Q ' cm) &fflt*ft:. 
[0 0 6 0] MIEO^i3i9«iteaL^*«ai»ffi^+ 



7 ) »BB¥8-2 6 8 7 0 5 

12 

£-*IIC»«>iMK ^£ 1 Om^ii^^SL 
/lo wO«#»|t*^a^lt^»«Slil^l. 2 /cm 

g^:«si0mml:/i5J:3i:|UiiLt 

[0061] iwM*t&m<D'&, &m^zffl*bxnmx> 
•?\z±^xftn<ni***&%\*s Aas^^oEE^^ix 

10' : mmH g yTHf:i, &l*"C^y 

10 \Z±Z>®&<DffiX-'<7>**hiX* Z&tfXffiM 
£ 2 0 0 m 1 /»Rt/ftLSSrt^E*S: 1 0 0 mmH g 

[0 0 6 2] LT"iIn-7-^[H] L7- 

^SWBSrBBte^-fr, 5-1 0mm/^^k°-Kt 

tttetfl OOA^L, ftjMtfl>«*«Kttfi5 1 OA 
/ qvcC X'hitZo 

[0063] ^fc, 3 oftN\mxT-?mm*-&x h 

5 7 gXhvtZo mV<Dm&tm#&m4. 2mXh 

Itlil 3 7 gXh^tz 0 
[0 0 6 4] %hMz**$: h/i/xy^c^^x, X 

30 tt£li^n/!:7^-uva^miB:{i4. Sgt'fc^ ^ 
WJH»A^0>l|R*tt3. 5%T*foofc 0 
[0 0 6 5] [H1KW3] 7 7-IxV«i63SBtt«fiEII 

v\ lilOOA, tE2 0Vi:/^J:9ra^U: o 

m^ix-ay («) ^^^r-r h (a 

^^) UM46-12 KOR3g«H (»ffiffijn:$ : 
1 . 0 X 1 0' 3 Q • cm) 1 0*i^77-f h 

iaf«R) um 6 3~i2 K<Dfemmm (#«HSSi* : 7 . 

0 X 1 0 A Q • c m) 5 0#£ffi-t£T*jfcU 
40 5. 5mm^$ 1 0 mCO^^Ii^i: LttWS:fflV> 

m 3 xh^ito famMfow v -Mcznmsm&M* 

t £ OPfljftS 1 0 m m (si ft 6 ct 9 (Cgf t Tlfig L tz 0 

[0066] z<DmizLxmmnmft*®m<o'&, 

T^fbM^CU ftJfiirt(OJE^S:lxi0' ! mmHgWT 

(D^V »>A^lM3 0 0ml /»&t/«lS^rtWE 
50 ^^2 0mmH g rKlf: o 



( 8 ) 

13 
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